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INTRODUCTION' 
This catalog i s  the  fourteenth i n  t h e  s e r i e s  of SA0 Special  Reports 
l i s t i n g  the  pos i t ions  of a r t i f i c i a l  s a t e l l i t e s  as obtained by t h e  SA0 
Photoreduction Division from t h e  precise  reduction of t h e  films taken 
a t  t h e  1 2  Baker-Nunn Camera Sta t ions .  These catalogs appear regular ly  
and i n  t h e  same form, each covering periods of s i x  months of observations 
on s a t e l l i t e s  tracked by t h e  Observatory. Each catalog includes a l l  
p rec i se ly  reduced observations made during t h a t  per iod t h a t  have been 
checked and found t o  be without s ign i f icant  e r ro r s .  
These observations can be independently checked by determining t h e i r  
res idua ls  from t h e  bes t  obtainable orb i t s .  I n  prac t ice ,  however, t h i s  i s  
not s o  simple s ince t h e  bes t  o r b i t s  can be obtained only by t h e  use of t h e  
same observations t h a t  a r e  being checked. Thus we compute o r b i t s  regular ly  
from only t h e  p rec i se ly  reduced observations, and cor rec t  those t h a t  
deviate  considerably from t h e  o rb i t s .  Then, t he  pos i t ions  a r e  used again 
t o  t es t  whether o r  not t h e i r  new residuals  meet standards f o r  publ icat ion.  
Only o r b i t s  with a standard deviation 0 of one observation not 
exceeding k 20" are used as reference; on t h e  average, t h e  standard deviat ion 
i s  only between f 5" and f lo". 
than zk 10" are examined t o  f ind whether t h e  e r r o r  i s  due t o  t h e  observation 
o r  t o  t h e  poor accuracy of t h e  o rb i t .  
All observations with res idua ls  l a r g e r  
The present catalog includes 545 observations of S a t e l l i t e  1959 a1 
(Vanguard 2), 276 observations of S a t e l l i t e  1959 vl (Vanguard 3), 960 observa- 
t i o n s  of S a t e l l i t e  1960 t 2  ( Echo I Rocket Body), 1230 observations of 
S a t e l l i t e  1961 6 1  (Explorer 9), 212 observations of S a t e l l i t e  1961 01 
(Trans i t  4A) ,  166 observations of S a t e l l i t e  1961 02 ( In jun) ,  775 observations 
of S a t e l l i t e  1961 a61 (Midas 4 ) ,  601 observations of S a t e l l i t e  1962 as1 
(Telstar l), and 375 observations of S a t e l l i t e  1962 Bul  (A15  Relay). 
%'his work w a s  supported by grant NsG 87-60 from t h e  National Aeronautics 
and Space Administration. 
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The observations (both i n  pos i t ion  and i n  t ime) were reduced essen- 
A l l  the  measurements have been made 
t i a l l y  by the method explained by t h e  l a t e  K. Lassovszky i n  SA0 Special  
Report 4 1  (Lassovszky -- e t  al., 1960). 
with two-s crew Mann comparators. 
Although the  Baker-Nunn cameras can achieve an accuracy b e t t e r  than 
f 2" i n  t h e  posit ions (Lassovszky, 1961), the  average r e s u l t s  may not be 
so accurate. 
as obtained f r o m t h e  reduction, a standard deviation of f 4" i s  assigned. 
Four seconds of a r c  is  probably an upper l i m i t  on t h e  standard deviat ion 
of a posit ion.  
U n t i l  every pos i t ion  can be given with i t s  proper uncertainty 
The time accuracy of t h e  observations depends pr imari ly  on the  sta- 
b i l i t y  of the s t a t i o n  clock and on t h e  reception of t h e  t i m e  s ignals .  
Uncertainties have been estimated according t o  these c r i t e r i a ;  they vary 
from f 0.5 m e c  t o  f 20 msec, with an average value of * 2 msec. 
I n  order t o  expedite processing of t h e  observations, we  have found it 
necessary t o  employ a "smoothed preliminary" A . 1 t i m e  system i n  the  reduc- 
t i o n s .  The "A.1" times reported f o r  a l l  observations i n  t h i s  catalog have 
been derived by employing t h e  following reductions from t h e  W emitted 
time system t o  our "snoothed preliminary" A . l  system: 
For the  Period A . l - W  Einitted 
1962 Ju ly  01.0-1963 Jan. 01.0 
1963 Jan. 01.0-1963 Nov. 01.0 
i"64 704 + 0.001 126 370 (t - 37,650.0) 
2.292 725 + 0.001 118 458 (t - 38,030.0) 
where t i s  i n  Modified J u l i a n  Days, i . e . ,  J u l i a n  Days minus 2,400,000.5 days. 
The format of t h e  catalog is  as follows: 
The first column gives t h e  year, month and day o f t h e  observation. 
The second column gives t h e  time of t h e  observation i n  hours, minutes 
and seconds i n  the  "smoothed preliminary" A . l  system. 
The third. column gives t h e  root mean-square (standard e r r o r )  of t h e  
t i m e  expressed i n  milliseconds. 
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The fourth gives t h e  topocentric r i g h t  ascension expressed i n  hours, 
minutes and seconds of t i m e ;  and the  f i f t h ,  t h e  topocentric decl inat ion i n  
degrees, minutes and seconds of arc .  These posi t ions r e f e r  t o  the  mean 
equator and equinox of 1950.0. Since t h e  reference stars were not reduced 
t o  a common catalog system, it i s  not easy t o  def ine t h e  R.A. and Decl. 
system. The e r r o r s  t h a t  r e s u l t  from not using a common reference system 
a r e  c e r t a i n l y  l e s s  than one second of a rc ;  Special  Report 41 (Lassovszky 
e t  al.,  1960) gives a l i s t  of t h e  star catalog used, arranged according t o  
t h e  decl inat ion zone of each. The posi t ions have not been corrected f o r  
p a r a l l a c t i c  refract ion;  correction w i l l  hardly ever exceed two seconds of a rc .  
-- 
The s i x t h  column gives t h e  standard e r r o r  (HMS) of t h e  p o s i t i o n  expressed 
i n  seconds of arc ,  always four i n  t h i s  catalog. 
The seventh column gives the  s t a t i o n  number. 
The following t a b l e  gives t h e  s t a t i o n  loca t ion  and number, column one, 
i n  addi t ion  t o  t h e  s t a t i o n  t h e  x, y, z coordinates referenced t o  t h e  Kaula 
e l l i p s o i d ,  f = 1/298.3 and a = 6.378165 Mm. The descr ipt ion of the  s t a t i o n  
coordinates and t h e  datum t o  which they were connected by standard geodetic 
surveying techniques are given by Veis (1964). 
Table 1 
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The eighth column gives the film and frame number. 
The ninth column gives i n  abbreviation t h e  name of the  measurer. 
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The tenth column gives the  observation number assigned by SAO. 
These observations a r e  avai lable  on e i t h e r  punch cards o r  on t h e  
u s e r ' s  magnetic tape. All inqui r ies  should be addressed t o :  
Data Division 
Smiths onian A s t  rophys i c a l  Observatory 
60 Garden S t r e e t  
C amb ridge, Mas s a c hus e t  t s 0 21 38 
This catalog i s  the  r e s u l t  of  t h e  work of many members of t h e  staff 
of t h e  S a t e l l i t e  Tracking Program of t h e  Smithsonian Astrophysical Observa- 
tory,  who contributed i n  d i f f e r e n t  capaci t ies .  The f i n a l  checking and pre-  
parat ion for  publ icat ion were done by M r .  Richard Wells, Data Division, and 
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Satellite 1962 2-26 March 1962 
9r-r-QN ddeoo 
d d d d d  
m m m m m  .......... 
d d d d d  
O O I L E  a a o o o  
r - a m s e  
0 9 0 0 N  
e mmmmr-  a e o ~ ~ s  
P r-r-NNN 
Y 
m m o o m  m m d d N  
0 0 9 9 9  
Q Q 0 0 0  
d d  
I: 
M ~ N N ~  *demo ONNNN C O O O ~ ~ ~  m a c d d  N N ~ W ~  e - ~ d o o  r - r - ~ d - ~  d o d a a  
d d d d c I  0 0 0 0 0  0 0 0 0 0  O O d O O  O O O r * d  0 0 0 0 0  o-looo 




N * m  
aU*hlnr- 
N N O O N  
"" rn  
n n m n o  
r - e r - m w  
m e *  
..... 
o m e r - m  
m c r - r - o  
r n o d r r -  QOIOOd 
0 NNNNN ~ c n m m m  c n m m m m  m m n m +  * * S m m  mmcu.**  0 d d N ~  m m * * m  m a e a 6  
tux m m m m m  m m m m m  m m m m m  m m n m m  m m m m m  m m m m m  m m m m m  m m m m m  m m o m m  c e 




9 9 9 9 9  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 . 0 0  
d r ( o o a D 9  ***e9 
c)oooo 0 0 0 0 0  
0 0 0 0 0  0 0 0 0 0  
0 0 0 0 0  0 0 0 0 0  
*+*e* e**** 
d d d d d  
9r-I-r-r- 
NU"" 





d d d d d  
m m m m m  
m m m m m  
-125- 
